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INTRODUCTION
The rationale and current activity to implement the 
the Space Shuttle are tangible evidence of the 
maturing development of the United States Space 
Program.
For the industrial community, the Shuttle can 
become a safe, economical, and frequent transporta­ 
tion system to the unique environment of space, 
which offers a potential resource of previously 
unavailable capabilities to develop or produce new 
products, processes or services. This paper pro­ 
vides an initial compilation of such products, 
processes and services that have been identified 
by specific organizations whose future operations 
are linked to new and/or better products, processes 
and services which offer economic and sociological 
benefits to the public.
While this paper is based upon the results of a 
NASA Contract, NAS8-28179, "A Study for Identifica­ 
tion of Beneficial Uses of Space"(^), there is no 
implied or actual NASA endorsement of any specific 
product, process, or service identified herein, nor 
is there a NASA committment to pursue any program 
based on such results .
BACKGROUND
The "properties" of space, Figure 1, have already 
been exploited for useful applications in the 
areas of communications, weather observation, and 
earth resources surveys. These make use of the 
synoptic view "property". The other "properties" 
have been largely bypassed except for a slowly 
growing effort at NASA-MSFC and a few industrial 
organizations . This effort has developed theoreti­ 
cal and experimental approaches as well as experi­ 
mental equipment related to utilizing other proper­ 
ties, notably zero "g", in studies of basic 
material sciences, as well as in materials, 
processing techniques and equipment for manu­ 
facturing in space (2).
Those results, extensively verified by subsequent 
Skylab experiments, have led to the realistic 
possibility of advancing from scientific experi­ 
mentation in space to industrial, possibly commer­ 
cial, exploitation - the production of new and/or 
improved products, processes and services.
In the light of that possibility, two national 
symposia were convened by NASA in 1968 and 
1969(3) (4). NASA was, thereby, able to establish
a communication link with a wide spectrum of 
industries, laboratories, universities and govern­ 
mental agencies involved in non-aerospace sectors 
of technology. Results of the symposia were 
rewarding in terms of increased interest and 
activity in the aerospace and the scientific 
communities, as well as in the definition of key 
experiments. There was, however, little response 
from the non-aerospace community.
Aerospace technologists, especially those at NASA- 
MSFC, continued uncovering new space processing 
techniques, analyzing their generic capabilities, 
defining experiments to verify their approaches, 
and performing key experiments, such as those 
later carried out on Skylab. Nevertheless, there 
remained the critical missing element, finding 
Users - specific non-aerospace organizations who 
could apply the conceived techniques to develop or 
produce specific products, processes or services 
for the public.
GE undertook to search out such Users in "A Study 
for Identification of Beneficial Uses of Space". 
In essence, this Study involved the utilization 
of a GE Aerospace team, backed by the wide spectrum 
of GE's non-aerospace business units, to devise 
and exercise a methodology which would gain and 
maintain the interest and participation of non- 
aerospace organizations, and identify specific 
products, processes and services of value to the 
public, Figure 2.
STUDY ORTEnTTVEg
Based on the preceding theme, the Study was 
oriented to the following objectives:
o Identification of specific organizations, 
particularly non-aerospace organizations, 
that could be Users of space-obtainable 
knowledge and capabilities to contribute 
to the development or production of products, 
processes or services for the public.
o Identification of the specific knowledge and 
capabilities required by the Users to solve 
problems in such development or production.
o Establishment of support by specific Users 
for programs to provide solutions to their 
specific problems.
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o Assessment of potential benefits, and identifi­ 
cation of potential impacts, accruing from such 
solutions.
The keyword in these objectives is "specific". 
Previous reports, papers, and meetings covering 
analyses of processes or equipment concepts rarely 
indicated what specific organization(s) required 
what specific problem solved in order to develop 
or produce what specific product, process or 
service.
Further specifics were required on what was needed 
from space operations by the User in order to 
resolve the problems, provide the needs, or settle 
the critical issues which inhibit his achieving his 
specific goals and objectives.
The results documented during the Study confirm 
that we met these objectives. For instance, of 
more than 120 ideas for products, processes, and 
services noted during the Study, over 90 percent 
were identified by individuals in 72 non-aerospace 
organizations located in 19 states, and ranging 
in size from 25 employees to those whose research 
staffs alone number in the hundreds. For over 60 
percent of the ideas, individuals were willing and 
able to dialog their problem areas in depth with 
us, and also agreeable to their organizations 1 
identification with those ideas which extended from 
antibiotics to welding and from vibration testing 
to amorphous glasses. Knowledge requirements 
ranged from heat transfer to physiological and 
psychological data, while capability requirements 
ranged from zero "g" facilities to vibration-free 
platforms.
STUDY APPROACH
The essential overall methodology used in the 
study was - talking! We provided a small, space- 
oriented Core Team, which entered into dialogues 
with individuals and small teams from a broad 
group of diverse, non-aerospace organizations. 
The Core Team provided direction to the dialogue 
and catalyzed the reactions of space expertise 
with the expertise of pertinent non-aerospace 
areas. Through such dialogues we sought to find a 
"match" between problems inhibiting the develop­ 
ment or production of needed non-aerospace products , 
processes or services, and those space "properties" 
which might enable solution of the problems.
Although the dialog technique formed the chief 
basis of information used in the Study, that 
technique was supplemented by analyses, carried 
on by both the Core Team and Key Individuals, and
by literature surveys, particularly in the early
stages of searching out goals , Users and Key 
Individuals, Typical analyses are listed in 
Figure 4.
.REgULTg.
As planned, interfaces with User organizations and
Key Individuals within and outside the aerospace 
industry were extensive, Figure 5. Resulting 
dialogues enabled us to elicit 120 ideas of
possible interest in this Study, Figure 6. 
Nineteen of the ideas did not evolve beyond 
initial discussions. As the Study progressed, 
many of the remaining ideas were eliminated 
through dialogues and analyses which disclosed 
their lack of specificity, mismatch with study 
constraints, overlap with other ideas, etc., 
so that, eventually, some 12 ideas continued to 
appear fruitful, Figure 7. Details involved in 
the 120 elicited ideas, and in the 12 appearing 
to offer the highest potential for further 
development occupied two complete books in 
Reference 1, and are, therefore, omitted here 
in the interests of brevity. Representative 
data, however, are summarized in succeeding 
figures.
Figure 8 provides a brief listing of the know­ 
ledge and/or capabilities required by Users to 
resolve the issues, satisfy the needs, and solve 
the problems presently inhibiting the accomplish­ 
ment of some of the key Ideas.
Figure 9 summarizes estimates of the potential 
benefits accruing to various Users, should space 
processing prove capable of solving the specific . 
problems inhibiting the development or production 
of the items listed above. In all estimates, 
particular effort was exerted to assure conser­ 
vatism in assumptions, calculations and analysis 
of benefits .
Particle manipulation by small forces, Idea No. 
3, is treated somewhat differently than others, 
since it is essentially a process, which has yet 
to find a credible User. While no economic or 
social benefits have been identified, the tech­ 
nical potential of emplacing or removing micro- 
sized particles in a variety of media by means of 
forces generated by light, sound, radio frequency 
waves, particulate radiation, etc. looks promising. 
Such forces, normally masked by the gravity force 
on earth, provide the prospective User with a 
"Tool Box" of particle manipulators than can be 
utilized in zero "g".
Vibration testing of small motors, Idea No. 5, 
exhibits the value of "leverage". While the 
better design and fabrication data potentially 
obtainable from vibration testing of prototype 
fractional horsepower electric motors in space 
may save only pennies per motor, the enormous 
quantity of motors produced per year may accrue 
as much as $38 million per year in benefits. 
Space processed turbine buckets, Idea No. 6, is 
projected to provide benefits to an extensive 
hierarchy of Users, the aircraft engine manu­ 
facturer ($31 to 36 million per year) , the air­ 
lines ($111 to 324 million per year), the public 
($141 million per year) , as well as pollution 
benefits.
Tungsten x-ray targets, Idea No. 30, is typical 
of products for which benefits may accrue through 
the utilization of levitation melting and sub­ 
sequent super-cooling. The idea demonstrates the 
potential of high value materials which are needed 
in relatively small quantities for specialized 
applications. Even with conservative assumptions, 
such tungsten x-ray targets yield composite yearly
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benefits of $19 million per year.
Crystal growth in space appears to offer great 
potential for many applications. Two examples 
are given here. The large silicon crystals of 
Idea No. 46 appear to offer potential benefits 
in both medical and power rectification appli­ 
cations. While numerical benefits of the medical 
advantages of soft tissue viewing have been dif­ 
ficult to ascertain, the eventual benefits in the 
power area, based on the possibility of eventual 
megavolt DC power transmission, could reflect 
considerable economic value ($50 to 100 million 
per year).
The future for the magnetic "bubble" memories of 
Idea No. 59 appears to be bright. Since it 
appears that the rigid magnetic and thickness 
tolerances (+ 1%) required of single crystal 
garnet films for such application can likely only 
be met by space processing, the $50 million 
dollar savings benefit indicated focusses con- ' 
siderable interest on this application.
While thermal conductivity of liquids, Idea No. 
84, is virtually a "research" idea, the NBS is 
the focal point of many national and international 
commercial organizations who require such data. 
Although the NBS may not benefit directly from 
this idea, subsequent tiers of Users undoubtedly 
will.
CONCLUSIONS
Having completed this phase of effort, we are now 
in a position to draw some conclusions, Figure 10. 
Firstly, the method works. We have met the 
objectives of "Specific Problems" and "Specific 
Users" and "Specific Benefits", and we have come 
up with several ideas not previously documented.
Secondly, we have learned some valuable lessons - 
some utilized to modify the Study, other recom­ 
mended for possible future consideration. We have 
also learned that more complete benefits analysis 
could be, and likely should be, performed.
As noted in an earlier paper, Reference 5, it has 
become obvious that substantial commitments by 
potential Users will require more information for 
them, and longer association with them, to promote 
their confidence in pertinent space activities. 
A Business Planning Study would be a major step in 
that direction.
From those Ideas which survived the analyses and 
evaluations carried out under the previously 
discussed tasks, we have drawn some key conclu­ 
sions, Figure 11. While most Ideas are based, as 
in earlier efforts, on the unique space property 
of zero "g", the advantage of isolation from the 
terrestrial environment has given rise to several 
worthwhile Ideas.
In all, the major result of analyzing the 12 worth­ 
while Ideas has been the identification of specific 
economic benefits amounting to over a billion 
dollars per year and the potential for thousands
of lives saved per year, based on successful 
solutions to identified problems.
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Figure 1. Typical Properties of Space
IDENTIFY PRODUCTS, PROCESSES OR SERVICES THAT 
WILL BE BEST DEVELOPED OR PRODUCED IN THE UNIQUE 
ENVIRONMENT OFFERED BY FUTURE SPACECRAFT
AND WILL BE USED DIRECTLY ON EARTH.
Figure 2. Beneficial Uses of Space Study 
Theme
ANALYSIS SUBJECT
PARTICLE MANIPULATION BY SMALL 
FORCES
IMPRINTING OF CIRCUITRY FOR SUR­ 
FACE ACOUSTIC WAVE COMPONENTS
ACCURATE SEPARATION OF ISOENZYMES
BENEFITS OF SINGLE CRYSTAL TURBINE 
BUCKETS 
TO AIRLINES 
TO PUBLIC 
TO MANUFACTURER
HIGH PURITY TUNGSTEN X-RAY TARGETS
VIBRATION TESTING OF FRACTIONAL 
HORSEPOWER ELECTRIC MOTOR PROTO­ 
TYPES
AMORPHOUS GLASSES AND SINGLE 
CRYSTAL GARNET FILMS
UTILIZATION OF BIORHYTHMS
USER ORGANIZATION
GE - CORPORATE RESEARCH & DEVELOP­ 
MENT
GE - ELECTRONICS LABORATORY
POLYSCIENCES, INC.
EASTERN AIRLINES 
DREXEL UNIVERSITY 
GE - A IRC RAFT ENGINE GROUP
GE - MEDICAL SYSTEMS DIVISION
GE - APPLIANCE COMPONENTS 
LABORATORY
CORNING GLASS WORKS
UNIVERSITY OF MINNESOTA, NATIONAL 
INSTITUTES OF HEALTH
SUITS, C.G.; SPEAKING OF RESEARCH; JOHN WILEY AND SONS: 1965.
________ ; PRACTICAL BENEFITS OF SPACE EXPLORATION; PAPERS PRESENTED
AT UNITED NATIONS CONFERENCE ON THE EXPLORATION AND PEACEFUL 
USES OF OUTER SPACE; VIENNA, AUSTRIA, 1968
MUIR, ALLAN H.; A STUDY OF THE ECONOMIC BENEFITS AND IMPLICATIONS OF SPACE 
STATION OPERATIONS; PLANNING RESEARCH CORPORATION REPORT 
PRC R-1218, 1968.
LEDERMAN, LEONARD AND WINDUS, MARGARET; FEDERAL FUNDING AND NATIONAL PRIORITIES;
PRAEGER PUBLISHERS, 1971
HUSE, R. A. : ELECTRIC UTILITIES INDUSTRY RESEARCH AND DEVELOPMENT GOALS
THROUGH THE YEAR 2000; REPORT BY THE RESEARCH AND DEVELOPMENT 
GOALS TASK FORCE OF THE ELECTRIC RESEARCH COUNCIL; ERC PUBLI­ 
CATION NO. 1-71, JUNE 1971
________: THE GENERAL ELECTRIC INVESTOR: SHARE OWNERS QUARTERLY REPORTS, 
GENERAL ELECTRIC COMPANY; 1971, 1972.
LYLE', j. M. ; REPORT ON SPECIAL SURVEY OF INDUSTRY EXPERIENCE IN THE
APPLICATION OF ADVANCED TECHNOLOGY TO CIVIL SECTOR NEEDS. 
REPORT BY THE RESEARCH AND ENGINEERING ADVISORY COMMITTEE 
OF THE NATIONAL SECURITY INDUSTRIAL ASSOCIATION, FEB 15, 1972.
________ : RESEARCH APPLIED TO NATIONAL NEEDS, NATIONAL SCIENCE 
FOUNDATION REPORT, 1972.
Figure 3. Typical Analyses by Users Figure 4. Source Material for Goals, 
Objectives, Problem Areas
USER ORGANIZATIONS KEY INDIVIDUALS
GE 42
AEROSPACE GROUP 7
OUTSIDE AEROSPACE 35
OUTSIDEGE 49
TOTAL 91
14
156
170
233
403
Figure 5. User/Key Individual Meetings 
During Phase I
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NO.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
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17
18
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20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
IDEA
IMPRINTING CIRCUITRY FOR SURFACE
ACOUSTIC WAVE ELECTRONICS
LEAD WIRE AND FILAMENT MATERIALS FOR
HIGH INTENSITY LAMPS
PARTICLE MANIPULATION BY SMALL
FORCES
AFFINITY CHROMA TOGRAPHY
VIBRATION TESTING FOR FRACTIONAL
HP MOTORS
SINGLE CRYSTAL HIGH TEMPERATURE
TURBINE BUCKETS
MAGNETRON TUBE MANUFACTURE
SPECIALTY GLASS
MICROSPHERE SPECTROSCOPE AND
SPECTROSCOPY
SEMICONDUCTOR PROCESSING
GROWTH OF EUTECTICS FOR COLD
CATHODES
DEVELOPMENT OF HIGH TEMP. HIGH
STRENGTH ALLOYS AND EUTECTICS
UNIFORM MIXING OF LEAD TELLURIDE
HIGHER PURITY FIBER OPTICS MATERIALS
PLATING OF POROUS STRUCTURES
COATING OF OPTICAL REFLECTORS
HIGHER PURITY THERMOCOUPLE
MATERIALS AND BONDS
SINGLE CRYSTAL LAMP FILAMENTS
IMPROVED UNIFORMITY IN POWDER 
METALLURGY
SEMICONDUCTOR SOLDERING TECHNIQUES
COATING IMPLANTABLE MEDICAL SENSORS
IMPROVED PROPERTIES IN TRANSFORMER 
MATERIALS
IMPROVED BONDING OF WAFERS IN 
FLUIDIC STACK
ULTRA UNIFORM GRAIN IN PHOTO­ 
GRAPHIC EMULSIONS
IMPROVED ENAMEL FILM ON COPPER WIRE
IMPROVED NUCLIPORE FILTER •
PROSTHETIC MATERIAL FOR BONE GROWTH
IMPROVED MATERIALS FOR GAS TURB. 
MECHANISMS AND SERVOS
THIN FILMS FOR DIALYSIS AND/ OR WATER 
PURIFICATION
HIGH PURITY TUNGSTEN TARGET FOR
X-RAY TUBES
SILICON STEEL WITH BETTER ELECTRICAL
CHARACTERISTICS
DEVELOPMENT AID IN PHONOCARDIOLOGY
PROTECTIVE COATINGS ON BEARING
ROLLERS
HIGH QUALITY THERMOSTATIC CONTROLS
IMPROVED DAIRY PRODUCTS
BONE GROWTH IN ZERO "G" ENVIRON­
MENT
ACCELERATED HOUSING MATERIALS EX­
POSURE TESTING
SAFE DISPOSAL OF RADIOACTIVE WASTES
ZIRCONIUM CLADDING OF NUCLEAR FUEL
ELEMENTS
SPONGE "GETTER" ALLOYS FOR NUCLEAR
GAS PRODUCTS
EVACUATION AND SEALING OF IR TUBES
PRECISE SEPARATION OF RADIOISOTOPES
CAVITATION AND SURFACE WETTING
PHENOMENA
WELDING OF SPECIAL MATERIALS; e.g.,
COPPER-ALUMINUM
LARGE Ge CRYSTALS FOR X-RAY CAMERA
LARGE Si CRYSTALS FOR POWER AND
MEDICAL APPLICATIONS
FILAMENT STRUCTURES, METALLIC
WHISKERS AND FIBERS
VIRAL INSECTICIDE MANUFACTURE
VACCINES. IMPROVED
LYOPHILIZATION (FREEZE DRYING)
UNIFORM DISPERSION OF PARTICLES
FIBER REINFORCED COMPOSITE
MATERIALS
DISPOSITION
COMPLETE - REPORT ISSUED BY GE-ELEC.
LAB
DISCARDED - NO APPARENT ADVANTAGE
TO SPACE OPS
COMPLETE - REPORT ISSUED BY GE-CR&D
DISCONTINUED - SPECIFIC USER NOT
IDENTIFIABLE
COMPLETE - REPORT ISSUED BY GE-APPL.
COMP. LAB
COMPLETE - REPORTS ISSUED BY GE-AEG,
EASTERN AIRLINES, DR. CHUNG
DISCARDED - NO APPARENT ADVANTAGE
TO SPACE OPS
DISCARDED - NO APPARENT ADVANTAGE
TO SPACE OPS
DISCONTINUED - NO SPECIFIC USER
REQUIREMENT
DISCARDED - NO APPARENT ADVANTAGE
TO SPACE OPS
DISCONTINUED - RECOMMEND FUTURE
CONSIDERATION
DISCONTINUED - PARTIALLY INCORPORATED
IN NO. 6
DISCONTINUED - NO SPECIFIC USER
REQUIREMENT
DISCONTINUED - RECOMMEND FUTURE
CONSIDERATION
DISCONTINUED - NO SPECIFIC USER.
REQUIREMENT
DISCONTINUED - NO SPECIFIC USER 
REQUIREMENT
DISCONTINUED - NO SPECIFIC USER
REQUIREMENT
DISCARDED - NOT FEASIBLE
DISCARDED - MINOR APPARENT ADVANTAGE 
TO SPACE OPS
DISCARDED - NO APPARENT ADVANTAGE 
TO SPACE OPS
DISCARDED - NO APPARENT ADVANTAGE 
TO SPACE OPS
DISCARDED - NO MATCH BETWEEN PRO­ 
BLEMS AND SPACE PROPERTIES
DISCONTINUED - RECOMMEND FUTURE 
CONSIDERATION
DISCONTINUED - SPECIFIC USER NOT 
IDENTIFIABLE
DISCONTINUED - SPECIFIC USER NOT 
IDENTIFIABLE
DISCONTINUED - SPECIFIC USER NOT 
IDENTIFIABLE
DISCONTINUED - NO SPECIFIC USER 
REQUIREMENT IDENTIFIED
DISCARDED - NO MATCH BETWEEN PRO­ 
BLEMS AND SPACE PROPERTIES
DISCARDED - NO APPARENT ADVANTAGE 
TO SPACE OPS
COMPLETE - REPORT ISSUED BY GE-MED.
SYS. DEPT
DISCARDED - NO MATCH BETWEEN PRO­
BLEMS AND SPACE PROPERTIES
DISCONTINUED - APPEARS RESEARCH
DISCARDED - NO MATCH BETWEEN PRO­
BLEMS AND SPACE PROPERTIES
DISCARDED - NO APPARENT ADVANTAGE
TO SPACE OPS
DISCONTINUED - NO SPECIFIC USER
REQUIREMENT
DISCONTINUED - APPEARS RESEARCH
DISCONTINUED - NO SPECIFIC USER
REQUIREMENT '
DISCONTINUED - NOTED TO COR, OUT­
SIDE STUDY CONSTRAINTS
DISCARDED - NO APPARENT ADVANTAGE
TO SPACE OPS
DISCARDED - NO APPARENT ADVANTAGE
TO SPACE OPS
DISCARDED - NO APPARENT ADVANTAGE
TO SPACE OPS
COMPLETE - REPORT ISSUED BY GE-NUC.
SYS PROG.
DISCONTINUED - APPEARS RESEARCH
DISCONTINUED - NO SPECIFIC USER
REQUIREMENT
DISCONTINUED - RECOMMEND FUTURE
CONSIDERATION
COMPLETE - ANALYSIS REPORT AVAIL­
ABLE
DISCONTINUED - NO SPECIFIC USER
REQUIREMENT
DISCONTINUED - COVERED IN RELATED
STUDY
DISCONTINUED - COVERED IN RELATED
STUDY
DISCONTINUED - EARLIER GENERALIZED
IDEA
DISCONTINUED - EARLIER GENERALIZED
IDEA
DISCONTINUED - EARLIER GENERALIZED
IDEA
IDEA 
NO. IDEA DISPOSITION
53 CEMENTED COMPOSITES DISCONTINUED - EARLIER GENERALIZED
IDEA
54 LIQUID DISPERSIONS - SLIP CASTING DISCONTINUED - EARLIER GENERALIZED
IDEA
55 FREE CASTING OF METALS IN ZERO "G" DISCONTINUED - EARLIER GENERALIZED
ENVIRONMENT IDEA
56 FINE GRAIN CASTING DISCONTINUED - EARLIER GENERALIZED
IDEA
57 BLOOD ANALYSIS SERVICE DISCONTINUED - RECOMMEND FUTURE
CONSIDERATION
58 MEMORY DEVICES BASED ON EUTECTIC DISCONTINUED - NO SPECIFIC USER
STRUCTURES REQUIREMENT
59 EPITAXIAL CRYSTAL GROWTH OF GARNET COMPLETE - REPORTS ISSUED BY GE-CR&D
FILMS FOR MAGNETIC BUBBLE MEMORY AND CORNING
60 AMORPHOUS GLASSES AND REFRACTORIES COMPLETE - REPORT ISSUED BY CORNING
61 FERROELECTRIC TRANSDUCERS DISCONTINUED - RECOMMEND POSSIBLE
FUTURE CONSIDERATION
62 PRECISION SHAPING OF MIRRORS DISCARDED - NO MATCH BETWEEN PRO­
BLEMS AND SPACE PROPERTIES
63 LEVITATION MELTING OF METAL DISCONTINUED - EARLIER GENERALIZED
IDEA
64 STRESS - FREE GLASS CASTINGS DISCONTINUED - INCORPORATED IN
IDEA NO. 60
65 SUPER THIN SAW BLADES FOR CRYSTALS DISCARDED - NO APPARENT ADVANTAGE
TO SPACE OPS
66 PARTICLE TRANSPORT IN VAN ALLEN BELT DISCONTINUED - NO SPECIFIC USER
REQUIREMENT
67 X-RAY TUBE PHOSPHOR DEPOSITION DISCARDED - NO APPARENT ADVANTAGE
TO SPACE OPS
68 MUTATION AND GROWTH OF MICRO- DISCONTINUED - APPEARS RESEARCH 
ORGANISMS
69 GLASS FIBERS IN LAMINANTS DISCONTINUED - SPECIFIC USER NOT
IDENTIFIABLE
70 SILICON IMPURITIES REMOVAL DISCONTINUED - INCORPORATED IN 
IDEA NO. 46
71 GALLIUM-INDIUM-PHOSPHIDE CRYSTAL DISCONTINUED - COVERED IN RELATED 
GROWTH STUDY
72 REMOVE BORON-OXIDE IMPURITIES DISCARDED - NO APPARENT ADVANTAGE
TO SPACE OPS
73 EMISSION SPECTROGRAPHY OF GLASS DISCARDED - NO APPARENT ADVANTAGE
TO SPACE OPS
74 FACILITY FOR PRECISE ALLOY FORMU- DISCONTINUED - NO SPECIFIC USER 
LATION AND ALLOY ANALYSIS REQUIREMENT
75 THERMOGRAPHIC AND NUCLEAR SCANNING DISCARDED - NO MATCH BETWEEN PRO­ 
BLEMS AND SPACE PROPERTIES
76 EDGE BONDING PLASTIC SHEET DISCARDED - NO MATCH BETWEEN PRO­ 
BLEMS AND SPACE PROPERTIES
77 INTERRUPTER ASSEMBLY DISCARDED - NO APPARENT ADVANTAGE
TO SPACE OPS
78 ALLOY PREPARATION - REMOVAL OF DISCONTINUED - INCORPORATED INTO
OXYGEN IDEA NO. 74
79 CROSSLINK OF POLYMERS BY RADIATION DISCARDED - NO APPARENT ADVANTAGE 
TO SPACE OPS
80 CRYOGENIC SUPERCONDUCTIVITY FACILITY DISCONTINUED - NO SPECIFIC USER 
REQUIREMENT
81 IMPROVED MAGNETIC MATERIALS DISCONTINUED - NO SPECIFIC USER 
REQUIREMENT IDENTIFIED
82 COPPER DEPOSITION ON SUBSTRATE DISCONTINUED - NO SPECIFIC USER
REQUIREMENT
83 GLASS AND .CERAMIC TO METAL SEALS DISCARDED - NO APPARENT ADVANTAGE
TO SPACE OPS
84 THERMAL CONDUCTIVITY OF LIQUIDS COMPLETE - REPORT ISSUED BY GE-CRUT
85 ULTRA-FINE WIRE DISCONTINUED - NO SPECIFIC USER
REQUIREMENT
86 MEDICAL TECHNIQUES DISCONTINUED - NO SPECIFIC USER
REQUIREMENT
87 SMALL SPHERES - GROSS ATOMIZATION DISCONTINUED - NO SPECIFIC USER
REQUIREMENT
88 NUCLEAR REACTOR MATERIALS DISCONTINUED - INCORPORATED' INI
IDEAS NIOS. J9. 42
89 SEPARATION OF ISOENZYMES COMPLETE - REPORT ISSUED BY
POLYSCIENCES
90 IMPROVED BATTERIES AND CAPACITORS DISCONTINUED - RECOMMEND' FUTURE
CONSIDERATION
91 CALIBRATION OF TEST EQUIPMENT DISCONTINUED - SPECIFIC USER NOT
IDENTIFIABLE
92 OPTICAL FILTERS - TECHNOLOGY DISCONTINUED - RECOMMEND POSSIBLE
FUTURE CONSIDERATION
93 CERAMICS AND REFRACTORY MATERIALS DISCONTINUED - PARTIALLY INCOR­
PORATED INTO IDEAS NOS.,, 8, 60
94 METAL PURIFICATION DISCONTINUED - INCORPORATED IN
SPECIFIC IDEA'S
95 CORROSIVE RESISTANT ELECTRODES DISCONTINUED - RECOMMEND FUTURE
CONSIDERATION
96 UTILIZATION OF BIORHYTHMS COMPLETE: - REPORT ISSUED BY NIH
AMD 11, OF MINN.
97 HIGH STRENGTH CARBON-BASED FILAMENTS DISCONTINUED' - RECOMMEND FUTURE
FOR PLASTIC REINFORCEMENT CONSIDERATION
98 NEW ANTIBIOTICS DISCONTINUED - RECOMMEND FUTURE
CONS IDE RATION
99 MASS SPECTROMETRY IN SPACE DISCONTINUED' - RECOMMEND FUTURE
CONSIDERATION
100 HIGH PURITY RARE EARTHS DISCONTINUED - RECOMMEND FUTURE
CONSIDERATION
101 ENHANCED SOLAR INSOLATION DISCONTINUED - NOTED TO COR, OUT­
SIDE STUDY CONSTRAINT
IN ADDITION, 19 IDEAS WERE MENTIONED IN PASSING BY VARIOUS INDIVIDUALS, BUT
WERE NOT CONSIDERED BY THEM TO BE SUFFICIENT APPLICABILITY TO WARRANT FURTHER
DISCUSSION. SUCH IDEAS INCLUDED SEVERAL ON INSTRUMENTATION AND SENSORS,
OTHERS ON BASIC PHYSICAL AND CHEMICAL PHENOMENA. AND A FEW ON HIGH VALUE
Figure 6. Disposition of Identified Specific Ideas
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NO.
1
3
5
6
30
42
46
59
60
84
89
96
SUBJECTS
IMPRINTING CURCUITRY ON 
CRYSTAL WAFERS FOR SUR­ 
FACE ACOUSTIC WAVE ELEC­ 
TRONICS
PARTICLE MANIPULATION 
BY SMALL FORCES
VIBRATION TESTING OF 
SMALL MOTORS
SINGLE CRYSTAL AND 
EUTECTIC HIGH 
TEMPERATURE 
TURBINE BUCKETS
HIGH PURITY TUNGSTEN 
X-RAY TARGETS
PRECISE SEPARATION OF 
RADIOISOTOPES
SILICON CRYSTAL GROWTH
EPITAXIAL GROWTH OF 
MAGNETIC BUBBLE MEMORY 
CRYSTALS
AMORPHOUS GLASSES AND 
REFRACTORIES
BASIC HEAT TRANSFER 
DATA
SEPARATION IF ISO- 
ENZYMES
UTILIZATION OF 
BIORHYTHMS
USERS/ KEY 
INDIVIDUALS
GE/S. TEHON, 
S. WANUGA
GE/H. SUMMERHAYES
GE/F. PETERS 
H. FRITZSCHE, 
R. MACGREGOR
GE/L JAHNKE, 
W. CHANG 
L. TARSHIS
GE/W. LOVE
GE/F. CHANNON, 
P. BROWN
GE/R. HALL
CORNING/G. SMITH 
F. FEHLNER
CORNING/G. SMITH, 
R. WASSON, 
J. MACDOWELL
NATIONAL BUREAU OF 
STANDARDS/ PURDUE U. 
P. LILEY
POLYSCIENCES INC./ 
B. HALPERN, 
K. AKKAPEDDI
U. OF MINNESOTA/ 
NAT'L INSTITUTES 
OF HEALTH/ 
F. HALBERG 
F. BARTTER
GOALS
PRINTED CIRCUITRY TO OPERATE 
AT>30 GIGAHERTZ
MANIPULATION OF PARTICLES IN 
A MEDIUM BY SMALL FORCES
HIGH RELIABILITY, LONG LIFE 
ELECTRIC MOTORS
GAS TURBINE BUCKETS CAPABLE 
OF 1650°C OPERATION
LONGER LIFE TARGETS
SEPARATION OF PLUTONIUM 
ISOTOPES
LARGE UNIFORM SILICON 
CRYSTALS FOR HIGH VOLTAGE 
DC POWER RECTIFICATION
SINGLE CRYSTAL GARNET FILMS
HIGH STRENGTH GLASSES AND 
REFRACTORIES
ACCURATE THERMAL CON­ 
DUCTIVITY IN LIQUIDS
USABLE QUANTITIES OF ISO- 
ENZYMES FOR MEDICAL THERAPY, 
ANALYSIS
USE OF BIORHYTHMS IN 
MEDICAL THERAPY AND 
PERFORMANCE IMPROVEMENT
OBJECTIVES
PRECISE IMPRINTING VIA 
ELECTRONIC BEAM
UTILIZATION OF SMALL 
FORCES FOR SEPARATION, 
REMOVAL, EMPLACEMENTS, 
ETC. OF PARTICLES
IDENTIFICATION AND 
MEASUREMENT OF VIBRATION 
PATTERNS
SINGLE CRYSTAL OF 
SELECTED SUPERALLOYS 
AND EUTECTICS WITHOUT 
ANOMALIES
PURER TUNGSTEN
PRECISE SEPARATION OF 
ISOTOPES IN CLOSE PROX­ 
IMITY IN PERIODIC TABLE
6 TO 8 INCH CRYSTALS WITH 
UNIFORM STRUCTURE AND 
HOMOGENEITY
BETTER THAN 1% UNIFORMITY 
IN THICKNESS AND MAGNETIC 
PROPERTIES
AVOIDANCE OF CRYSTALLIZA­ 
TION BY SUPERCOOLING, ZERO 
CONTAMINANTS
BETTER THAN 2 - 5% ACCURACY 
BY MINIMIZING CONVECTION
SEPARATION OF ISOENZYMES 
BY GENTLE TECHNIQUES
KNOWLEDGE OF, AND 
CHANGING BIORHYTHMS
ISSUES, NEEDS, AND 
PROBLEM AREAS
ELIMINATION OF VIBRATION 
FROM IMPRINTING SYSTEM
ELIMINATION OF GRAVITY 
MASKING EFFECT
IMPROVEMENT OF PRESENT 
4 CPS LIMIT, ISOLATION FROM 
SONIC AND MAGNETIC FIELDS
CERTAIN SUPERALLOYS NOT 
AMENABLE TO CASTING; 
PRESENT CRYSTALS SMALL 
AND CONTAIN DISLOCATIONS; 
EUTECTICS CONTAIN DISLO­ 
CATIONS, ETC.
CONTAMINATION OF MELT BY . 
CRUCIBLE.
HIGH SPECIFICITY 
TECHNIQUE
CONVECTION DURING CRYSTAL 
GROWTH
CONVECTION, LOSS OF SUPER- 
SATURATION
CRYSTALLIZATION DUE TO 
INCLUSIONS, CONVECTION
CONVECTION DURING MEASURE­ 
MENTS
DENATURATION OF ISOENZYMES 
BY SEPARATION UNDER G LOADING
TERRESTRIAL INFLUENCES
Figure 7. Continuing Identified Ideas
IDEA 
NO.
1
3
5
6
30
42
46
59
60
84
89
96
IMPRINTING CIRCUITRY ON 
CRYSTAL WAFERS FOR 
SURFACE ACOUSTIC WAVE 
ELECTRONICS
PARTICLE MANIPULATION BY 
SMALL FORCES
VIBRATION TESTING OF SMALL 
MOTORS
SINGLE CRYSTAL AND 
EUTECTIC HIGH TEMPERATURE 
TURBINE BUCKETS
HIGH PURITY TUNGSTEN 
X-RAY TARGETS
PRECISE SEPARATION OF 
RADIOISOTOPES
SILICON CRYSTAL GROWTH
EPITAXIAL GROWTH OF 
MAGNETIC BUBBLE MEMORY 
CRYSTALS
AMORPHOUS GLASSES AND 
REFRACTORIES
BASIC HEAT TRANSFER DATA
SEPARATION OF- ISOENZYMES
UTILIZATION OF BIORHYTHMS
ISSUES, NEEDS, AND 
PROBLEM AREAS
ELIMINATION OF VIBRATION 
FROM IMPRINTING SYSTEM
ELIMINATION OF GRAVITY 
MASKING EFFECT
IMPROVEMENT OF PRESENT 4 CPS 
LIMIT, ISOLATION FROM SONIC 
AND MAGNETIC FIELDS
CERTAIN SUPERALLOYS NOT 
AMENABLE TO CASTING; PRESENT 
CRYSTALS SMALL AND CONTAIN 
DISLOCATIONS; EUTECTICS CON­ 
TAIN DISLOCATION, ETC.
CONTAMINATION OF MELT BY 
CRUCIBLE
HIGH SPECIFICITY SEPARATION 
TECHNIQUE
CONVECTION DURING CRYSTAL 
GROWTH
CONVECTION, LOSS OF SUPER- 
SATURATION
CRYSTALLIZATION DUE TO 
INCLUSIONS, CONVECTION
CONVECTION DURING MEASURE­ 
MENTS
DENATURATION OF ISOENZYMES 
BY SEPARATION UNDER G LOADING
TERRESTRIAL INFLUENCES
REQUIRED KNOWLEDGE/ CAPABILITIES
DECOUPLED PLATFORM FOR MOUNTING IMPRINTING SYSTEM (e.g., ELECTRON BEAM GUN) WHICH 
ELIMINATES SEISMIC VIBRATIONS, ACOUSTIC COUPLING.
FACILITY WHICH ELIMINATES OR COUNTERBALANCES GRAVITY FORCE SO AS TO ENABLE A 
VARIETY OF MICRO-FORCE INDUCERS (e.g., LIGHT, HEAT, SOUND, RF, ETC.) TO ACCELERATE 
PARTICLES IN VARIOUS MEDIA.
DECOUPLED PLATFORM FOR MOUNTING PROTOTYPE MOTORS AND VIBRATION-MEASURING INSTRU
­ 
MENTATION (e.g., LASER HOLOGRAPH) WHICH ELIMINATES SEISMIC VIBRATIONS AND ACOUSTIC 
COUPLING.
FACILITY TO MELT SUPERALLOYS, REFRACTORY METALS, EUTECTICS WITHOUT CRUCIBLE; GROW 
LARGE CRYSTALS ALONG SPECIFIC PLANES, WITHOUT INTERNAL STRAINS, ANOMALIES CAUSED 
BY 
CONVECTION, PRODUCE EUTECTICS WITHOUT DEFORMATIONS CAUSED BY CONVECTION; PROVIDE 
SUPERCOOLING OF SIZEABLE SPECIMENS AFTER CRUCIBLESS MELT
FACILITY TO MELT TUNGSTEN WITHOUT CRUCIBLE, PROVIDE SUPERCOOLING OF SIZEABLE AMOUN
T 
AFTER CRUCIBLESS MELT
FACILITY WHICH ELIMINATES BUOYANCY. PRECIPITATION, CONVECTION FORCES; ALLOWS SMALL
 
FORCES TO ACCELERATE ISOTOPE PARTICLES AT RATES RELATED TO SMALL DIFFERENCES BETWEEN
 
ISOTOPES.
CRYSTAL-GROWING FACILITY WHICH DECREASES CONVECTIVE FORCES IN MELT TO MINIMIZE 
NON-UNIFORMITIES IN DOPANT DISTRIBUTION, THUS INCREASING UNIFORMITY OF CRYSTAL 
ELECTRICAL PROPERTIES; ALSO TO GROW LARGER CRYSTALS.
EPITAXIAL CRYSTAL-GROWTH FACILITY TO ELIMINATE CONVECTIVE CURRENTS THAT CAUSE THE 
NON-UNIFORMITIES IN TEMPERATURE AND SATURATION LEADING TO NON-UNIFORMITIES IN FILM
 
THICKNESS AND MAGNETIC PROPERTIES; ALSO TO GROW LARGER AREA CRYSTALS.
FACILITY TO MELT AND SUPERCOOL GLASSES AND CERTAIN OXIDES WITHOUT DEVITRIFICATION 
CAUSED BY CRUCIBLE SURFACES, CONVECTIVE CURRENTS, INCLUSIONS.
DATA ON THERMAL CONDUCTIVITY OF LIQUIDS (ESPECIALLY OILS) IN ABSENCE OF CONVECTION
FACILITY TO SEPARATE ISOENZYMES WITH VERY WEAK FORCES SO AS TO AVOID DENATURATION
 
WHICH OCCURS WHEN SEPARATION REQUIRES LARGER FORCES (e.g., WHEN PERFORMED IN ONE 
G)
DATA ON PHYSICAL AND BEHAVIORAL WELL BEING OF SUBJECTS WHEN POTENTIAL INFLUENCES 
(e.g., LUNAR, MAGNETIC, GRAVITY, ETC.) ON BIORHYTHMS ARE VARIED. FOR USE IN POSSIBL
E 
MODIFICATION OF DIAGNOSIS, THERAPY, WORK CYCLES.
Figure 8. Required Knowledge/Capabilities
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IDEA POTENTIAL POTENTIAL 
NO. TITLE DIRECT BENEFITS INDIRECT BENEFITS REMARKS
1 IMPRINTING AIRPORT AND AVOID- INCREASE OVERSEAS DEFENSE NEEDS
CIRCUITRY ANCE RADAR = $3xlO°/YR MARKET ELECTRONICS URGENT
?/JpCARrYnn5T?r POTENTIAL COMMUNI- COMPONENTS 90% REJECTS NOW
WAUF FIFT CATIONS MKT * IMPROVE BALANCE/ 
TRONICS *100xlO°/YR PAYMENTS 
MILITARY
3 PARTICLE POSSIBLE NEW MANU- POSSIBLE APPLI-
MANIPULATION FACTURING TECHNIQUES CATIONS: 
BY SMALL SEPARATIONS 
FORCES ISOTOPES
GRADED SIZES 
PARTICLES 
BIOLOGICALS
DISPERSION CONTROL
ACTUAL BENEFITS AWAIT S^nTpnmr" 5
IDENTIFICATION OF USERS Vi .ccccGLASSES
OPTICAL WEDGES
COMPOSITE 
MATERIALS
5 VIBRATION FUNDAMENTAL ENGI- QUIETER OPERATION, 125 MILLION MOTORS
TESTING OF NEERING DATA TO LESS VIBRATION, MADE PER YR IN U.S.
SMALL MOTORS IMPROVE DESIGNS; RELIABILITY ADD 
THUS POSSIBLY: ^T^U^L* APPLICABLE TO MANY
• It TO 8</MOTOR MATL SATISFACTION INDUSTRIES
SAVED BY BETTER PPKQIRIF IMPPDVF 
DESIGN • $1.25 TO REDUCE MANUFACTURING ^T IN STATE OF-
$1°X10/YR COSTS THE-ART IN VI B. AND
• QUIETER, 25% LONGER INCREASE PRODUCER NOISE CONTROL
LIFE MOTORS COULD MARKET SHARE
ADD $37x10° SALES/YR
LONG! R LIFl - SAVL
PUBLIC »56x 10°
6 SINGLE CRYSTAL SAVE BUCKET REPLACE- 1.5xJ06w3 LESS NOX MIGHT INCREASE. 
& EUTECTIC $4.5xlO°/YR FUEL BURNED POLLU- CONSERVATIVE ESTI- 
AIRCRAFT TUR- AND TION REDUCED 7.8x 106 MATES FOR AIRLINE 
BINE BUCKETS LESS FUEL BURNED = KG>'YR.. OIL IMPORTS BENEFITS:
$32xlO°/YR REDUCED 47.6x10° 50% ADOPTION
OR BARRELS/YR 50% LOAD FACTOR
INCREASE THRUST P/L BAL/ PAYMENTS REDUCED __CT Tn , rrnMPI ,r u 
REVENUE - $288 x 10°/YR $122 x 10&/YR, J.OS ,NH nSn 
OR OIL CONSERVATION N°' INCLUDED 
DECREASE WEIGHT IN- INCREASE U.S. GNP
CREASE P/L- 75 x 10°'YR IMPROVE PUBLIC SAFETY
SAVE MATENR?AL DEV. IMPROVE NATIONAL 
COSTS • $11x10° DEFENSE 
SAVE ENGINE DEV. AND DECREASE DOD BUDGET 
QUAL- $20 TO $25x10° INCREASE PUBLIC TRAVEL
REDUCE FARES = SAVE
PUBLIC $19x10°
BENEFITS TO OTHER JET
USERS: PETROLEUM,
MARINE, ELECTRIC
UTILITIES, ETC.
NOTE: THESE BENEFITS POSSIBLE ALSO FROM ANY MATERIAL WITH 150° C TEMP
IMPROVEMENT i.e., NEW ALLOYS, CERAMICS, REFRACTORIES, FIBER
REINFORCED COMPOSITES, SUPERCOOLED GRAIN STRUCTURES, ETC.
30 HIGH PURITY SAVE RHENIUM ADDI- DECREASE COST OF ASSUMED
TUNGSTEN TIVE = $975K/ YR X-RAY TUBES «w IKAPF y-RAY AND 50 U G
TARGETS SAVE REPLACE OF RELIABLE AND CONVEN- 50% TUBE : LIFE 
FAILURES =$125K/YR ltm iwmtMit 
AND LESS INVESTED
LONGER LIFE SAVES RF-TAKESHOSPITALS AND LABS - LE" * RAY RE TAKES
$17.9xlO°/YR SAVE MATERIALS
LESS EXPOSURE
SAFER
42 PRECISE PACEMAKER POWER CHEAPER AVAILABILITY • HIGH PURITY Pu 238
SEPARATION SUPPLIES $5 x 10* - MORE USE COSTS $1 x V3f> TO
OF ISOTOPES $15xlO<>/YR SAFER MEDICAL APPLI- *3 x 106 KG - POSSIBLE
LESS GAMMA CON- CATIONS COST REOUC TION
TAMINATION QUANTITY NEED FOR
POWER GENERATION NOW MEDICAL APPLICATIONS: 
ARTIFICIAL HEART, 
HEART PACEMAKERS
NATIONAL DEFENSE USES
MORE EFFICIENT
SEPARATION OF OTHER
ISOTOPES
IDEA POTENTIAL POTENTIAL 
NO. TITLE DIRECT BENEFITS INDIRECT BENEFITS
46 SILICON BETTER RADIOGRAPHY BETTER LOCATION AND
CRYSTAL PICTURES FOR MEDICAL IMAGES OF DISEASED
GROWTH FOR USES TISSUE
M?mErA|AND NEEDED FOR ELECT POWER UNDERGROUND HVDC 
APP irATinws GROWTH. 91 x UP TO TRANSMISSION LESS 
ArmtMiiuiNi 182x i03 KG , Y R LAND USE, CHEAPER 
REQUIRED BY 1<NO. URBAN INSTALLATION,
VALUE EST. $50 TO $100 x LESS POWER LOSS
106/YR • LARGE CRYSTALS RE­ 
QUIRE LESS PERIPH­ 
ERAL EQUIPMENT
EXPORTS INCREASED; 
BAL/ PAYMENT IM­ 
PROVED
PUBLIC SAFETY; EMI
REDUCED
59 EPITAXIAL 53,000 KG § $7K/ BETTER COMPUTER MEM-
GROWTH OF LB IN 1980, SAVE ORY UNITS, SMALLER,
MAGNETIC $50xl06/YR BY SPACE CHEAPER, HIGHER MEM- 
BUBBLE MEM- PROCESSING ORY CAPACITY
rpvqGTAi\NET APPLICABLE USE IN
CRYSTALS DISPLAYS
NOTE: BENEFIT DATA FROM NASA/MSFC CONTRACT NAS8-27942. 
"ECONOMETRIC ANALYSIS OF CRYSTAL GROWTH IN SPACE"
BY GE
60 AMORPHOUS NEW GLASSES WITH NATIONAL DEFENSE
OXIDES SUPERIOR CHARACTER- APPLICATION
ISTICS: °IR TRANS­
PARENCY, HIGH STRENGTH, 
PURITY & MELTING POINT,
"OPTICAL QUALITIES, 
THERMAL SHOCK RESIST.,
REINFORCING FIBERS
SHARE OF SCIENCE AND 
TECHNOLOGY GLASS MKT 
$90xl06/YEAR
"SHARE OF OPTICAL
INSTRUMENTS AND LENS
MARKET $10xlO°/YEAR
84 THERMAL REDUCE ERRORS (UP TO REDUCE DESIGN AND
CONDUCTIVITY 25%) IN THERMAL CON- TEST EFFORT 
OF LIQUIDS DUCTIVITY MEASUREMENT |MpROVE 0 pER . CHARAC - 
OFLIQUIOS TERISTICS AND REDUCE 
REDUCE MATERIAL COSTS OPERATION COSTS OF 
IN DESIGN OF HEATERS, THERMAL HEATERS AND
HEAT EXCHANGERS, AND INSULATION
OTHER INDUSTRIAL
EQUIPMENT
89 SEPARATION SAVE LIVES BY EARLY AID GENETIC, ONTO-
OF ISOENZYMES DETECTION AND TREAT- GENIC PHYLOGENIC
MENT: 10% OF BREAST STUDIES 
CANCERS-2, 000; 10% OF
CERVIX CANCERS-1,000
PUBLIC HEALTH IMPROVED
IMPROVE MEDICAL DIAG­
NOSIS AND THERAPY
SEPARATION OF OTHER 
BIOLOGICAL MACRO- 
MOLECULES: HISTONES,
RIBOSOMES, INTERFERONS
96 UTILIZATION FUNDAMENTAL KNOWLEDGE BETTER DEFINITION OF
OF OF GEOLUNAR EFFECTS "HEALTH"
BIORHYTHMS ON B.ORHYTHMS MEASUREMENT ON ONE
10% IMPROVEMENT IN CARDIAC PATIENT IN -
PERFORMANCE OF RO- ORBIT MAY APPLY TO
TATING SHIFTS WOULD MANY ON EARTH
ADD 1.5% IN TOTAL IMPROVE DRUG
CUICT OUTPUTS IWKKUVt UKUb
SHIFT OUTPUTS TOXICITY MEASURES
BETTER MEDICAL THERAPY
IMPROVE FLIGHT CREW 
PERFORMANCE; $100K 
SAVINGS FOR STEWARD­
ESSES ALONE
AGRICULTURE AND ANIMAL
USES TO INCREASE OUT­
PUT
REMARKS
MORE UNIFORM CRYSTALS
GIVE SHARPER LOCATION
ASSUMED:
50% CRYSTALS OF 
REQUIRED (19901 
LARGE SIZE
100 TO 150 MM 
DIAM CRYSTALS 
WITH FEW IMPER­ 
FECTIONS
POWER SYSTEM CHEAPER 
TO BUILD AND OPERATE
EST. MARKET IN 1980-
$380x10°
LARGER CHIPS POSSIBLE 
IN SPACE, LOWER COST/
BIT, MORE UNIFORM
CHARACTERISTICS
EXPECTED TO DOMINATE 
MARKET BY 1980
LESS SPOILAGE IN
PRODUCTION
COMMUNICATION BY WIDE­
BAND LIGHT BEAMS AND
FIBER OPTICS
REINFORCING FIBERS 
AND INSULATION
APPLICATION
LASER AND HIGH IN­
TENSITY LAMP GLASS 
APPLICATION
5 TO 10 MICRON INFRA­ 
RED TRANSPARENCY
MAJOR IMPROVEMENT
IN GLASSES
TECHNOLOGY MAY APPLY 
TO OBTAIN AMORPHOUS 
METALS, NITRIDES, ETC.
NATIONAL BUREAU OF
STANDARDS PROVIDES 
THERMAL DATA ON 
MATERIALS ALL OVER 
THE WORLD
DATA ALSO APPLIED
TO METEOROLOGY,
LIMNOLOGY, OCEAN-
OLOGY, ETC.
PROCESS LIKELY BETTER
IN SPACE
CURRENTLY IMPRAC­
TICAL
FDA DRUG TOXICITY
TECHNOLOGY (LETHAL
DOSE • 50%) IS
INADEQUATE
Figure 9. Benefits Summary
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• METHODOLOGY DEVELOPED
DIALOG TECHNIQUE WORKS
• 101 SPECIFIC IDEAS IDENTIFIED TO 
DATE
12 WORTHWHILE
37 MAY HAVE POTENTIAL
52 NO APPLICABILITY TO STUDY
PRINCIPAL USER CONCERNS
PROPRIETARY PROTECTION
RIGHTS-IN-DATA
FUNDING
NASA/USER ROLES
FACILITIES
DECISIONS
Figure 10. Conclusions - Methodology
APPLICATIONS
t ZERO G REMAINS MOST PROMISING SPACE "PROPERTY". REQUIRED FOR:
- LEVITATION MELTING - EUTECTIC TURBINE BUCKETS, X-RAY TUBE TARGETS, 
AMORPHOUS OXIDES
- CRYSTAL GROWTH - ELECTRONIC COMPONENT SUBSTRATES, SINGLE CRYSTAL 
TURBINE BUCKETS, SILICON POWER RECTIFIERS, GERMA­ 
NIUM DETECTORS, GARNET FILM BUBBLE MEMORIES
- SEPARATION OF PARTICLES - ELECTROPHORESIS FOR VACCINES, VIRUSES,
BLOOD FRACTIONS, ISOENZYMES, ETC. 
- OTHER SMALL FORCES FOR SUCH AS RADIO- 
ISOTOPE SEPARATION
- MEASUREMENTS - THERMAL CONDUCTIVITY OF FLUIDS
• ISOLATION FROM TERRESTRIAL ENVIRONMENT IS A DEVELOPING AREA - NEEDS 
INVESTIGATION. REQUIRED FOR:
VIBRATION, NOISE ISOLATION - IMPRINTING HIGH FREQUENCY CIRCUITRY, 
TESTING OF FRACTIONAL HORSEPOWER MOTORS
- OTHER ISOLATION - UTILIZATION OF BIORHYTHMS
• NO IDENTIFIED USES FOR VERY HARD VACUUM'1 , TOTAL SOLAR SPECTRUM, SPACE 
RADIATION, PARTIAL OR INTERMITTENT G, UNLIMITED VOLUME AND DIMENSIONS, 
LAUNCH AND/ OR REENTRY CONDITIONS
'SECONDARY REQUIREMENT IN SOME CASES
BENEFITS
• • ECONOMIC - EXTREMELY CONSERVATIVE ESTIMATES INDICATE ORDER OF BILLION 
$/YEAR GROSS DIRECT BENEFITS
• OTHER - MEDICAL (THERAPEUTIC, DIAGNOSTIC), PUBLIC LEVEL OF HEALTH HUMAN 
PERFORMANCE. ENVIRONMENT, MILITARY GAINS INDICATED BUT 
HARDER TO PIN DOWN. MORE STUDY REQUIRED
Figure 11. Conclusions - Data
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